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Sir, 

As  an  expression  oj  my  respect  for  your  efforts  in  promoting  the 
study  of  Physiology  among  Students ,  and  as  a  token  of  my  gratitude  for  past 
kindness,  I  beg  to  dedicate  to  you  these  unpretending  little  Tablets  on  Physiology. 


1  am, 
Sir, 


lours  very  Respectfully, 

THOMAS  COOKE . 


Woburn  Place ,  April,  1873. 


OPINIONS  OF  THE  PRESS  ON  THE  LITHOGRAPHED  EDITION . 


“  They  present  a  mass  of  condensed  information  on  inatomy  and  Physiology,  which 
will,  we  believe,  be  fonnd  very  nseful  to  students.” — British  Medical  Journal. 

“We  can  heartily  recommend  the  Tablets  to  medical  students  for  refreshing  the 
memory  on  dry  points  of  Anatomy  and  Physiology  without  the  necessity  of  wading 
through  descriptive  text-books  and  wasting  more  than  half  the  time  expended  on  them 
in  picking  out  the  salient  points.”— The  LondoJi  Students'  Gazette. 

“  The  ‘  Tablets’  place  the  essentials  before  the  learner  in  the  clearest  and  most  con¬ 
cise  manner,  and  we  should  advise  all  students  who  are  preparing  for  the  Primary  at 
the  College  to  obtain  them.” — The  Students'  Journal  and  Hospital  Gazette. 

“We  do  not  hesitate  for  a  moment  to  recommend  the  Tablets.”—  Guy's  Hospital 
Gazette. 


PREFACE. 


The  demand  which  has  been  made  for  these  Tablets,  even  in  the  rough 
lithographed  form  in  which  they  were  first  scribbled  out  for  Private  Pupils, 
has  induced  the  Author  to  print  and  publish  without  further  delay,  the 
Tablets  on  the  Eye,  the  Ear,  the  Brain,  the  Cranial  Nerves,  the  Perinseum, 
and  the  Surgical  Anatomy  of  Inguinal  and  Crural  Hernias,  which  Tablets 
Students  have  more  particularly  asked  for,  and  also  those  on  Circulation, 
Respiration,  and  Animal  Heat.  The  publication  of  the  other  Tablets  in  the 
printed  form  will  have  to  be  delayed  for  a  while,  as  the  Author  cannot  at 
present  find  time  to  revise  them. 

In  a  Learner’s  point  of  view  Scientific  facts  may,  the  Author  thinks, 
be  divided  into  those  which  are  daily  met  with  by  the  Student,  and  which 
soon  become  familiar  to  him,  and  those  which  are  learned  with  considerable 
pains,  and  afterwards  easily  forgotten. 

The  Author  has  endeavoured  to  deal  with  the  latter  class  of  facts  only. 
What  every  one  knows ,  who  has  at  all  studied  Medicine ,  he  has  purposely 
left  out.  Greater  condensation  is  thus  obtained.  To  the  non-medical 
reader  these  Tablets  may  appear  disconnected,  and  the  descriptions  they 
contain  (if  descriptions  they  may  be  called)  may  seem  dry  and  naked.  The 
Author  believes  that  the  Student  will  easily  supply  the  links,  and  give  life 
and  shape  to  the  skeleton  sketches. 

Order  and  method  have  been  carefully  studied  in  the  topographical 
arrangements  of  the  headings,  sub-heads,  and  main  and  minor  facts. 
Words  unnecessary  to  the  sense  have  been  suppressed. — The  words  printed 
in  italics  call  attention  to  the  salient  points. 

The  Author  is  of  opinion  that  Science  can  be  studied  to  full  advantage 
only  in  those  larger  and  more  comprehensive  works,  in  which  not  only- 
known  facts  are  exposed,  but  also  personal  investigations  and  private 
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opinions  are  brought  forward  and  discussed.  He  sincerely  hopes  that  these 
Tablets  will  be  found  not  only  to  assist  Students  in  passing  their 
Examinations,  but  also  to  encourage  them  to  study  substantial  standard 
works. 

Gower  Street,  May,  1872. 


The  teaching  power  of  the  Tablets  has  now  been  tested  for  more  than 
a  twelvemonth  with  the  most  favourable  results  by  numerous  Students 
preparing  for  the  primary  M.  &  F.R.C.S.,  and  for  the  first  M.B. 
examinations.  The  Author  has  therefore  ventured  to  aim  higher  in  his 
later  tablets  than  he  did  in  his  former  ones  ;  the  Tablets  on  Circulation 
and  Digestion  are  in  some  respects  still  incomplete  ;  those  on  Respiration, 
Animal  Heat,  the  Secretions,  the  Nervous  System  and  Development  are 
more  exhaustive,  and  the  Author  believes  that  they  fully  reflect  the  actual 
state  of  Science. 

The  Author  begs  to  thank  Mr.  T.  Cattell  Jones,  who  was  instrumental 
in  making  the  lithographed  Tablets  known  at  Guy’s  Hospital,  and  who  has 
kindly  assisted  him  in  correcting  the  proofs  of  the  printed  edition. 


Woburn  Place,  April ,  1873. 


ADVICE  TO  LEARNERS. 


'There  is  an  art  of  learning  as  well  as  an  art  of  teaching. 

The  grand  secrets  of  this  art  are  to  classify  and  to  condense  the  facts  that  are  to  be 
retained,  and  to  proportion,  according  to  their  relative  importance,  the  attention  to 
be  given  to  them. 

Classify. — “  Similia  similibus”  is  a  favourite  tutorial  motto  with  the  author. — Group 
things  that  are  alike  :  by  learning  one  you  will  then  learn  a  dozen.  Mix  not  up  those 
that  are  not  alike,  if  you  do  not  want  to  labour  in  vain. 

Condense. — The  more  concise  your  wording  is,  the  more  facts  you  can  learn  in  a 
given  time,  and  the  better  you  can  learn  them.  Large  books  are  not  necessarily  good 
books  for  study  ;  they  are  intended  principally  for  reference.  A  firm  grasp  of  the  facts 
of  your  science  is  what  you  want  first  ;  court  erudition  afterwards. 

Proportion  according  to  their  relative  importance  the  attention  to  be  given  to  the 
facts  that  are  to  be  retained.  Master  the  headings  &  sub-heads  first;  then,  in 
succession,  the  divisions,  the  sub-divisions,  the  principal  points,  the  minor  points, 

the  noteworthy  details,  .  . . the  minutiae.  Begin,  not  at  the  periphery, 

but  in  the  centre  ;  then  radiate  as  far  as  your  strength  will  allow  you. 

This  method  is  pre-eminently  suited  to  the  preparation  for  examinations: 

Examiners  are  men  of  high  scientific  standing  ;  men  whose  time  is  valuable,  and 
who  make  the  best  use  of  it.  Their  questions,  especially  in  the  viva  voce  examinations, 
are  short  &  to  the  point ;  answers  they  want  also  short  &  to  the  point. — Ex.  : 

Q. — What  bone  is  this?  A.  —The  right  cuneiform. 

Four  words  to  the  question,  three  to  the  answer.  The  test  is,  however,  a  searching  one; 
it  shows  whether  the  candidate  recognises  the  cuneiform  bone,  and  whether  he  is 
sufficiently  acquainted  with  its  surfaces,  angles,  borders,  etc.,  to  be  able  to  discri¬ 
minate  between  a  right  bone  &  a  left  one. 

What  are  the  branches  of  the  femoral  artery  ?  Of  the  internal  maxillary  ? 

What  are  the  ligaments  of  the  knee-joint? 

What  is  the  composition  of  bile,  blood,  urine  ? 

What  are  the  ordinary  inspiratory  muscles  ?  What  the  extraordinary  ? 

Now,  if  the  studies  have  been  conducted  according  to  the  rules  above  laid  down,  it  is 
precisely  such  questions  that  the  candidate  is  best  prepared  to  answer. 

These  “  Tablets”  are  destined  to  assist  students  in  carrying  out  these  rules. 

The  grouping  of  things  that  are  alike,  and  the  condensing,  are  done  by  the  Author. 

For  the  Student,  there  only  remains  to  proportion  according  to  their  relative  im¬ 
portance,  the  attention  to  be  given  to  the  facts  that  are  to  be  retained.  This,  it  is 
hoped,  he  will  naturally  be  induced  to  do  by  the  very  topography  of  the  Tablets ;  the 
Tablets,  especially  those  on  anatomy,  show  at  a  glance  the  general  outline  of  the 
subject  they  treat  of.  *  Let  the  Student  look  first  at  all  the  headings  &  subheads  of  the 
Tablet  he  is  studying,  and  learn  them  well  before  going  further.  It  is  highly  important, 
in  the  Author’s  opinion,  to  consider  a  subject  as  a  whole,  and  to  pass  in  review  all  its 
parts  at  one  and  the  same  time.  It  is,  in  fact,  to  inculcate  this  principle  on  the  mind 
of  the  learner  that  the  Tablets  are  built  up,  so  to  speak,  each  one  on  one  page. 

Woburn  Place,  April,  1873. 


*  The  lithographed  Tablets  strike  the  eye  more  forcibly  than  the  printed  ones  ;  they  are,  therefore, 
in  that  respect  preferable. 
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'Physical  Properties  of  the  Blood. 

The  blood  is  a  thick  &  heavy  fluid  of  a  bright  scarlet  colour,  when  flowing  from  an 
artery,  and  of  a  deep  purple ,  or  nearly  black  colour,  when  flowing  from  a  vein. 

Its  average  temperature  is  about  100°  or  102°,  but  is  not  the  same  all  over  the  body, 
for  the  blood  is  cooled  when  passing  through  the  capillaries  of  the  skin  and  is  L 
slightly  warmed  when  passing  through  large  &  active  glands  such  as  the  liver. 

Its  specific  gravity  varies  from  1050  to  1059,  the  average  being  1055,  the  gravity  of  § 
water  being  reckoned  at  1000. 

The  blood  is  slightly  alkaline  in  all  animals  and  under  all  circumstances.  The 
supposed  exception  in  the  case  of  menstrual  blood  is  due  to  the  admixture  of  acid 
mucus  from  the  uterus  and  vagina. 

The  blood  emits  an  odour  similar  to,  but  fainter  than,  that  emitted  by  the  animal  ? 
itself.  This  odour  is  principally  due  to  a  volatile  fatty  acid ,  and  it  maybe  set  free, 
even  when  the  blood  is  dried  up,  by  adding  to  it  small  quantities  of  a  mixture  of 
equal  parts  of  sulphuric  acid  &  water. 


Quantity  of  Blood  in  the  Body. 

The  whole  of  the  blood  weighs  normally  in  man  about  1-8 th  or  1.10th  of  the  weight 
of  the  body.  The  quantity  of  the  blood  varies,  however,  considerably  according  to 
the  amount  of  food  &  drink  recently  taken,  and  to  the  quantity  of  water  given 
off;  it  may  be  reduced  to  nearly  half  by  long  fasting. 

The  quantity  of  blood  in  the  body  cannot  be  ascertained  with  any  degree  of 
precision  by  simply  bleeding  an  animal  to  death  and  measuring  the  blood  that 
escapes,  for  on  the  one  hand  a  large  amount  of  blood  would  then  remain  in  the 
vessels,  and,  on  the  other  hand,  if  death  ensue  but  slowly,  large  quantities  of  fluid 
would  be  absorbed  from  the  tissues  to  refill  the  emptying  vessels,  and  would  add 
considerably  to  the  apparent  amount  of  the  blood  that  would  be  drawn. 

Leaving  aside  the  lengthy  calculations  of  Vierordt,  based  upon  uncertain  estimates 
of  the  amount  of  blood  expelled  from  the  left  ventricle  at  each  beat  of  the  heart, 
&  of  the  number  of  beats  necessary  to  complete  the  round  of  the  circulation, 
there  remain  two  principal  methods  of  ascertaining  the  quantity  of  the  blood  in  the 
body : — 

1.  Welker  bleeds  an  animal  rapidly  to  death,  and  measures  the  blood  which 
escapes.  He  then  ivashes  out  the  vessels  by  abundant  injections  of  water,  and 
calculates  the  additional  quantity  of  blood  which  then  flows  out,  mixed  with 
water,  by  comparing  the  colour  of  the  mixture  with  that  of  other  mixtures  made 
in  known  proportions ; 

2.  Valentin  injects  a  known  quantity  of  water;  Blake,  a  certain  quantity  of 
some  saline  substance,  such  as  sulphate  of  aluminium,  which  is  not  found  in 
the  blood,  and  which  is  of  easy  detection.  The  calculation  is  then  founded  upon 
the  diminution  of  the  specific  gravity  of  the  blood,  or  upon  the  proportion  of  the 
saline  substance  diffused  in  a  measured  quantity  of  the  fluid.  This  latter  method 
may,  however,  be  objected  to,  on  the  ground  of  the  probably  unequal  dilution 
of  the  blood,  or  of  the  probably  unequal  diffusion  of  the  saline  substance  through 
its  mass,  unless  a  considerable  time  he  allowed  to  elapse,  between  the  injection 
and  the  collecting  of  the  samples  of  blood,  upon  the  modified  condition  of  which 
blood  the  calculation  is  to  be  based;  but  then  the  result  would  likewise  be 
vitiated  even  to  a  greater  extent,  by  the  passage  into  the  tissues,  of  an  unascer- 
fainable  amount  of  the  water  or  of  the  salt  used  in  the  experiment. 

For  the  most  accurate  estimate  we  have  of  the  total  quantity  of  the  blood  in  the 
human  body  we  are  indebted  to  Weber  &  Lehman.  They  had  the  opportunity 
of  weighing,  before  f  after  decapitation ,  two  criminals  who  had  been  condemned 
to  death.  The  difference  in  the  weight  represented  the  weight  of  the  blood  that 
had  escaped.  The  quantity  of  blood  remaining  in  the  head  &  trunk  was  calcu. 
lated  by  Welker’s  method. 
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Structural  Characters  of  the  Blood. 


(Structurally  the  blood  consists  of  a  colourless  fluid,  liquor  sanguinis,  or  plasma, 
blood  and  lymph  corpuscles,  of  more  or  less  numerous  albuminous  granules  &  fatU 
particles,  similar  to  those  found  in  the  lymph  and  chyle  ;  also,  during  the  height  o 
digestion,  of  a  few  exceedingly  minute  oil  globules,  like  those  which  constitute  the i; 
molecular  base  of  the  chyle. 


Red  Blood  Corpuscles  or  Blood  Cells. 


Human  red  blood  corpuscles  as  they  circulate  in  the  vessels  are  minute  flattened  on 
slightly  concave  discs ;  but  they  swell  out  through  endosmosis,  &  become  convex  ivher 
the  blood  is  diluted  with  water,  and  shrink  &  assume  various  irregular  forms. 
when  salt,  syrup,  or  any  other  substance  is  added  which  increases  the  density  of  the 
blood.  They  are  elastic,  and  admit  of  compression  &  elongation,  in  adaptation  to  the 
small  diameter  of  the  lesser  capillaries.  Their  diameter  varies  from  1-3000 th  tc 
1-4000 th  of  an  inch. 

They  are  now  believed,  hovjever,  to  be  homogeneous  in  structure,  the  only  difference 
between  their  several  parts  being,  that  their  external  layers  are  dense  & 
firm,  while  their  internal  substance  more  or  less  approaches  the  fluid  state.: 
They  have?  no  nuclei ;  while  they  remain  concave,  however,  the  appearance  of  cc. 
central  spot,  due  to  unequal  refraction,  is  perceived  in  their  thinner  central  portion. 
and  is  either  brighter  or  darker  than  the  border,  according  as  it  is  viewed  in  or 
out  of  focus. 

A  peculiar  property  manifested  by  the  red  blood  corpuscles,  is  their  tendency,  when  the 
blood  is  at  rest,  to  adhere  in  the  shape  of  rolls,  columns,  or  rouleaux,  like  piles  of  coins, 
which  latter  soon  join  together  &  form  a  kind  of  network,  This  tendency  to  adhere 
is  increased  in  inflammatory  diseases  ;  it  partly  explains  the  formation  of  the  bufly 
coat,  for  the  more  the  blood  corpuscles  are  clustered  together,  the  more  rapidly 
they  sink  to  the  bottom. 

Chemically  the  red  globules  consist  of  a  delicate  colourless  |stroma  very  abun¬ 
dantly  infiltrated  with  a  red  colouring  matter.  The  stroma  consists  of  a 
nitrogenous  proximate  principle,  protagon,  combined  with  a  modification  of 
globulin  termed  paraglobulin  or  fibrino  plastin  (Hoppe- Seyler,  C.  Smidt).  The 
colouring  matter  is  a  nitrogenous  crystalisable  substance,  hgemoglobin  (Hoppe- 
Seyler)  or  cruorin  (Stokes),  capable  of  absorbing  oxygen  in  the  lungs  and  of 
readily  giving  it  up  in  the  capillaries.  The  red  globules  also  contain  fatty 
matters,  among  which  cholesterin,  and  salts,  chiefly  phosphates  of  potash,  soda, 
&  lime — (Tide  Tablets  on  Animal  Chemistry). 


White  Corpuscles 

|  Are  spheroidal  nucleated  cells,  about  1-2500 th  of  an  inch  in  diameter,  and  of  a  greyish 
f  pearly  colour.  They  present  a  finely  gramdated  surface,  granular  contents,  and  a 
simple  or  compound  nucleus,  which  is  clearly  brought  into  view  by  the  action  of 
dilute  acetic  acid,  the  remainder  of  the  cell  then  becoming  transparent.  It  is 
doubtful  whether  they  are  surrounded  by  any  true  cell-wall. 

They  are  very  similar  in  appearance  to  the  corpuscles  of  the  lymph  ox  chyle  ;  but 
they  differ  from  them  chemically,  for  the  latter  are  but  very  slightly  acted  upon 
by  acetic  acid. 

A  most  remarkable  property  which  the  white  corpuscles  have  recently  been  shown 
to  possess  in  common  with  the  amoeba  (Von  Ruklinghausen,  Waller,  Cohnheim), 
is  their  capability  of  assuming,  spontaneously,  different  forms ,  and  of  enclosing  milk- 
globules,  or  particles  of  colouring  matter  or  of  carbon  ;  of  sending  out  processes  in 
different  directions  and  subsequently  withdrawing  them  ;  of  adhering  to  the  walls  of 
the  blood-vessels,  pushing  processes  through  them,  and  then  following  these  processes 
into  the  surrounding  tissues,  in  which  they  accumulate  in  great  numbers,  in  any 
part  of  the  body  that  has  been  irritated. 

The  average  proportion  of  the  white  corpuscles  to  the  red  ones  is  about  1  in  400  or  500 ; 
but  the  relative  number  of  the  white  corpuscles  is  very  variable,  being  much 
increased  after  a  meal  and  greatly  diminished  by  fasting. 
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oagulation  of  the  Blood. 
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Vlien  drawn  from  the  body,  and  left  at  rest,  the  blood  coagulates  in  about  10  minutes. 
The  clot  gradually  contracts  and  becomes  firmer,  while  a  transparent  yellowish  fluid, 
the  serum,  oozes  from  its  surface,  and  is  soon  abundant  enough  for  the  clot  to  float 
therein. 

Vhen  examined  with  the  microscope  the  clot  is  seen  to  consist  of  solidified  fibrin,  in 
the  shape  of  minute  fibrillfe,  between  the  meshes  of  which  the  red  globules  are  joined 
together  in  piles,  columns,  or  “rouleaux  the  white  globules  are  scattered  here  and 
there. 

"'he  explanation  given  of  the  change,  until  lately,  was  this  :  the  liquor  sanguinis  consists 
of  serum  holding  fibrin  in  solution  ;  the  fibrin  has  a  peculiar  tendency  to  coagulate  when 
at  rest,  &  to  contract ;  while  coagulating,  it  entangles  in  its  meshes  the  blood  <k  lymph 
corpuscles  and  the  serum ;  by  its  subsequent  contraction  the  serum  is  pressed  out  of  the 
clot. 

'he  foregoing  explanation  of  the  coagulation  of  the  blood  is,  however,  no  longer  received  in 
its  integrity;  indeed,  the  very  existence  of  fluid  fibrin  in  the  blood  is  now  disbelieved  in, 
if  not  disproved.  Schmidt  &  Dr.  Buchanan,  of  Glasgow,  have  shown  that  the  addition 
of  blood  serum,  or  of  red  blood  corpuscles  to,  or  the  contact  of  muscular  or  nervous 
tissue  or  of  skin  with,  any  serous  effusion,  or  the  admixtare  of  serous  effusions 
from  different  parts  of  the  body,  gives  rise  speedily  to  the  formation  of  a  clot.  Thus 
fluids  which  have  themselves  little  or  no  tendency  to  coagulate,  can  be  made  to 
produce  a  clot  apparently  identical  with  the  blood-clot,  by  the  simple  addition  of 
fluids  which  will  not  themselves  coagulate,  or  of  solids  which  are  not  known  to 
contain  fibrin.  Schmidt  supposes  that  the  formation  of  the  fibrin  of  the  clot  is  due  to 
the  union  during  coagulation,  of  two  substances  chemically  very  similar,  which  he 
calls  respectively  the  fibrino-plastic  &  fibrinogenous,  the  former  of  which  may  be 
obtained  from  almost  all  the  tissues  &  fluids  of  the  body,  and  is  believed  to  be 
identical  with  the  globulin  of  the  red  corpuscles.  The  real  cause  of  the  coagulation 
of  the  blood  is  still,  however,  a  mystery. 

n  inflammatory  diseases  &  in  low  constitutional  states,  a  layer  of  white  clot,  the  “  buffy 
coat,”  forms  on  the  top  of  the  red  clot  and  soon  becomes  concave  or  cupped  on  it's 
surface.  The  inflammatory  clot  also  shrinks  more  than  usual  and  becomes  very 
firm  and  tough,  which  is  due  to  its  containing  a  large  amount  of  fibrin ;  in  the  case 
of  cachetic  &  anemic  persons  the  clot  is  large,  loose,  &  soft. 

''lie  white  clot  is  due  to  the  partial  sinking  of  the  red  blood  corpuscles  before  coagulation 
takes  place,  and  to  the  inclusion  in  the  upper  part  of  the  clot  of  the  white  or  lymph 
corpuscles  only,  which  are  much  lighter  than  the  red  ones  and  incline  to  float. 
This  sinking  of  the  red  corpuscles  occurs  in  inflammatory  diseases  and  in  low 
constitutional  states,  because  the  corpuscles  then  manifest  an  increased  tendency 
to  coalesce  in  columns  or  “rouleaux,”  in  which  condition  their  rate  of  sinking 
becomes  greater  ;  in  inflammatory  diseases  the  blood  also  coagulates  less  rapidly, 
so  that  the  corpuscles  are  allowed  more  time  to  subside  before  they  are  arrested  by 
the  formation  of  the  clot.  The  absence  of  the  red  corpuscles  from  the  upper  layers  of 
the  clot,  explains  both  their  pale  yellowish  or  greenish  hue,  and  also  their  greater 
contraction  &  the  concave  or  cupped  shape  of  the  surface  of  the  clot.  The  greater  or  less 
amount  of  fibrin  contained  in  the  blood,  or  formed  at  the  time  of  coagulation, 
explains  the  greater  or  less  contraction  of  the  mass  of  the  clot  and  its  variable 
consistency. 

Coagulation  is  hastened  by  rest,  moderate  warmth,  the  contact  of  foreign  bodies  or 
rough  surfaces,  slight  dilution  with  water,  and  by  exposure  to  the  air,  as,  for 
instance,  when  the  blood  escapes  slowly  from  a  small  artery  or  vein  and  is  collected 
in  a  shallow  vessel.  It  is  retarded  by  slight  agitation,  cold,  contact  with  smooth 
surfaces,  the  addition  of  ammonia,  of  alkaline  or  earthy  salts,  or  of  the  narcotic  & 
sedative  alkaloids,  the  exclusion  of  air,  as,  for  instance,  when  the  blood  escapes 
rapidly  from  a  large  artery  or  vein  and  is  collected  in  deep  or  closed  vessels,  or 
when  oil  is  poured  on  its  surface ;  it  is  retarded  also  in  all  inflammatory  states  of 
the  system. 

'he  serum,  or  that  part  of  the  blood  which  remains  fluid  after  the  formation  of  the 
clot,  is  viscid,  yelloiv,  <£ •  alkaline,  and  contains  all  the  constituents  of  the  blood,  except 
the  globules  and  the  fibrin.  Its  abundance  depends  on  the  degree  of  contraction  of  the 
clot.  Being  very  rich  in  albumen  it  coagulates,  when  heated,  to  such  an  extent  that 
it  is  transformed  almost  entirely  into  a  white  jelly-like  mass.  The  small  portion  of 
the  serum  which  then  remains  uncoagulated  is  termed  “  serosity.” 
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Chemical  Composition  of  the  Blood. 

. 

The  principal  constituents  of  the  blood  are  water,  albumen,  fibrin,  red  globules,  fattyi 
and  extractive  matters,  salts,  &  gases.  The  relative  proportion  of  some  of  these ? 
constituents  may  vary  considerably,  but  the  average  composition  of  the  blood  as  e* 
whole  is  pretty  constant. 

W ater.  From  700  to  800  parts  in  1000. — Its  deficiency  is  indicated  by  a  sensatior 

of  thirst,  which  becomes  more  &  more  urgent  as  the  deficiency  increases.  Whet 
it  is  in  excess,  it  is  rapidly  excreted  in  the  shape  of  sweat  &  urine.  Thus,  uniformity 
is  maintained  in  the  density  of  the  blood,  and  in  the  fulness  or  tension  of  the 
vessels,  and,  consequently,  in  the  rate  of  exudation  from  the  vessels  into  tht 
tissues,  &  in  the  rate  of  absorption  from  the  tissues  into  the  blood. 

Albumen  •~~~Flrom  60  to  70  parts  in  1003. — Is  probably  in  a  state  of  combinax 

tion  with  soda,  or  with  the  tribasie  phosphate  of  soda,  which  assist  in  keeping! 
it  dissolved. 

Fibrin. — From  2  to  3  parts  in  1000. — The  proportion  cannot,  however,  be  vord 
accurately  ascertained,  as  in  analyses  fibrin  cannot  be  separated  from  the  whit  r 
globules.  Is  much  increased  in  inflammatory  diseases,  but,  as  in  such  cases,  th 
white  globules  are  much  increased  also,  it  is  probable  that  the  apparent  increas< 
of  the  fibrin  is  partly  due  to  its  being  weighed  along  with  the  white  globules. 

K>6(3.  Globules,  containing  Protagon,  Paraglobulin  or  Fibrino.plastin,  Hcemo 
globin  or  Cruorin,  and  also  fatty  matters  &  Salts.— 130  parts  (dried)  in  1000.— Th 
quantity  of  red  globules  is  inci  eased  in  plethora  and  much  diminished  in  anemia  < 
chlorosis,  in  which  latter  state  the  globules  have  been  found  reduced  to  the  pro 
portion  of  60,  50,  or  even  27  parts  in  a  1000  (Andral  &  Gavarret). 


Fatty  Matters  .—Average  proportion,  parts  in  1000— Consist  of  cholesterir, 
cerebrin,  serolin,  the  phosphorised  fat  of  the  brain,  margaric,  and  oleic  acids,  an 
of  a  volatile  fatty  acid,  to  which  the  odour  of  the  blood  is  mainly  due.  They  ar 
subject  to  great  variations  in  quantity,  their  proportion  being  much  increase 
after  meals,  when  the  fatty  particles  of  the  chyle  are  added  to  the  blood. 

Extractive  Matters.  — About  6  parts  in  1000. — The  most  important  ar 
kreatin,  kreatinin,  sugar,  lactic  acid,  casein,  urea,  uric  acid,  ammonia,  an 
colouring  &  odoriferous  matters. 


Salts. — 6  parts  in  1000. — The  salt  found  in  the  blood  in  by  far  the  largest  propoij 
tion  is  the  chloride  of  sodium.  Among  the  salts  of  special  interest  are  th 
carbonate  and  phosphate  and  the  tribasie  phosphate  of  socla,  which  give  rise  to  th 
alkalinity  of  the  blood  and  preserve  the  fluidity  of  its  albumen.  These  salts  have  th 
property  of  absorbing  large  quantities  of  carbonic  acid  gas,  and  of  readily  giving  it  q  1 
when  agitated  in  atmospheric  air,  and  it  is  believed  by  Liebig  that  the  carbon \ 
acid  gas  of  the  blood  is  principally  combined  with  them. 

Gases  i  -100  volumes  of  blood  contain,  collectively ,  from  40  to  50  volumes  of  oxyge 
carbonic  acid,  and  nitrogen,  the  mean  relative  proportions  of  which  are  abor  I 
as  4,  12,  and  1.  Arterial  blood  contains,  however,  more  oxygen  &  less  carbonb 
acid  than  venous  blood.  The  carbonic  acid  &  the  oxygen  are  partly  free  and  parti 
in  a  state  of  weak  chemical  combination,  the  carbonic  acid  being  combined  wit 
the  carbonate  &  phosphate  and  the  tribasie  phosphate  of  soda,  the  oxygen  heir, 
chiefly  absorbed  by  the  red  globules,  and  being  combined  with  the  cruorin  whic 
has  been  shown  by  Professor  Stokes  to  exist  in  two  states  of  oxidation’ corre; 
ponding  to  the  scarlet  &  purple  tints  of  arterial  &  venous  blood. 
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?he  Action  of  the  Heart- 

The  whole  heart  is  relaxed  &  passive  immediately  after  its  beat  against  the  side  of  the 
chest. 

During  the  period  of  repose  or  “ pause,”  the  auricles  gradually  fill,  and  a  portion 
of  the  blood  passes  through  them  into  the  ventricles, 
i  When  the  auricles  are  distended  they  contract,  propelling  nearly  the  whole  of  their 
blood  into  the  ventricles. 

s  The  contraction,  or  systole,  of  the  auricles  is  of  very  short  duration ;  it  commences  at 
the  orifices  of  the  great  veins,  and  is  propagated  towards  the  auriculo-ventricular 
openings,  the  auricular  appendices  being  the  last  to  contract.  The  reflux  of  the 
blood  into  the  veins  is  thus  checked,  as  it  is  also  by  the  simultaneous  contraction 
of  the  muscular  coats  of  the  veins,  and,  with  regard  to  the  right  side  of  the  heart, 
by  the  Eustachian  &  Thebesian  valves,  &  by  the  valves  near  the  point  of  junction 
of  the  internal  jugular  &  subclavian  veins  ;  a  small  quantity  of  blood  does,  how- 
ever,  regurgitate. 

The  ventricles,  on  being  distended,  immediately  contract,  so  immediately,  indeed, 
that  no  interval  can  be  perceived  between  their  contraction  and  that  of  the 
auricles,  the  two  concurring  “in  such  wise  that  but  one  motion  is  apparent” 
i  (Harvey). 

st  The  ventricles  contract  slowly,  and  empty  themselves  completely.  During  their 
contraction  they  rotate  screw-wise  to  the  right  on  account  of  the  spiral  arrangement 
of  their  superficial  fibres,  bulge  out,  and  tilt  forwards  the  apex  &  lower  part  of  the 
anterior  surface  of  the  heart,  producing  the  well-known  impulse  of  the  latter 
against  the  side  of  the  chest. — -The  force  with  which  the  blood  is  propelled  into 
the  aorta  by  the  left  ventricle  is  calculated  to  be  equal  to  about  4 lbs.,  and  the 
force  with  which  it  is  propelled  into  the  pulmonary  artery  by  the  right  ventricle, 
is  calculated  to  be  equal  to  about  2  lbs.  The  force  of  the  auricular  contractions 
cannot  be  measured. 

The  pause  or  the  period  of  relaxation,  during  which  the  cavities  of  the  heart  are 
again  filling,  recommences  for  the  auricles,  during  the  contraction  of  the  ventricles,  and 
for  the  whole  of  the  heart,  immediately  after  such  contraction.  The  cavities  of  the 
hoart  are  now  no  longer  believed  to  dilate  actively  ;  their  diastole,  though  taking 
place  spontaneously,  is  nevertheless  a  mere  passive  phenomenon,  due  simply  to 
the  relaxation  of  the  previously  contracted  muscular  valves. 

Action  of  the  Valves  of  the  Heart. 
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The  mitral  and  tricuspid  valves  close  the  auriculo-ventricular  openings  during  the 
contraction  of  the  ventricles,  and  prevent  regurgitation  from  the  ventricles  into 
the  auricles  &  great  veins.  The  semilunar  valves  close  immediately  after  such 
contraction  and  prevent  regurgitation  from  the  arteries  into  the  ventricles. 

The  closure  of  the  tricuspid  valve  is  said,  however,  to  be  imperfect,  and  to  allow  of  a 
certain  degree  of  regurgitation  during  violent  exercise,  and  also  when  the  circulation 
through  the  lungs  is  impeded,  a  pulsation  synchronous  with  the  beat  of  the  heart 
being  then  observable  in  the  jugular  veins.  Over  distention  of  the  cavities  of  the 
heart  &  of  the  capillaries  of  the  lungs  is  prevented  by  this  “  safety  valve  action  ”  as  it  is 
sometimes  called. 

The  auriculo-ventricular  valves  are  closed  by  the  pressure  of  the  blood  in  the 
contracting  ventricles,  their  elevation  being  aided  by  the  action  of  the  elastic 
tissues  which  they  contain.  The  eversion  of  these  valves  is  prevented  by  the  chordae 
tendinece,  which  are  kept  tense  by  the  contraction  of  the  musculi  papillares,  which 
contraction  takes  place  simultaneously  with  that  of  the  walls  of  the  ventricles. 

The  semilunar  valves  are  thrust  asunder  by  the  impetus  of  the  blood  outflowing  from 
the  ventricles. — The  lateral  pressure  of  the  blood  propelled  into  the  arteries 
distends  their  elastic  walls,  but  it  does  not  distend,  or  at  least  it  does  not  distend  in 
an  equal  degree,  the  unyielding  valves  and  the  rings  to  which  they  are  attached. 
Three  pouches,  the  sinuses  of  Valsalva,  are  thus  formed  behind  the  valves,  while  the  valves 
themselves  are  drawn  inwards  towards  the  centre  of  the  artery,  and  are  thus  favour¬ 
ably  disposed  to  be  pressed  down  and  closed,  as  soon  as  the  ventricles  cease  to 
contract  and  the  dilated  arteries  are  able  to  recoil.  The  pressure  of  the  blood  in  the 
recoiling  arteries,  as  has  been  shown  by  Mr.  Savory,  is  not  sustained  by  the  valves 
alone,  but  also  by  the  thick  upper  edge  of  the  ventricles,  upon  which  the  pouches  of  the 
distended  artery  &  the  outer  part  of  the  semilunar  valves  repose.  The  margins 
of  the  valves  meet  in  three  converging  lines,  along  which  they  come  in  contact  with 
each  other,  not  only  by  their  edges  but  also  by  the  ventricular  "surface  of  the  lunulct. 
The  corpora  Arantii  meet  in  the  centre  of  the  artery  &  probably  assist  in  the  closure 
of  the  valves. 
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Sounds  of  the  Heart 

Are  two  in  number,  follow  in  quick  succession,  and  are  succeeded  by  a  pause. 

1st.  Sound  . — Is  deep,  dull,  prolonged,  coincides  witlithe  impulse  of  ' 
heart,  &  just  precedes  the  pulse.  Is  best  heard  in  the  5th  intercostal  spi 
two  inches  below  &  one  to  the  inner  side  of  the  nipple. 

2nd  •  Sound  .—Is  shorter,  sharper,  higher  in  tone,  and  has  a  somewhat  fiapp: 
character.  It  immediately  follows  the  pulse,  and  is  best  heard  at  the  up] 
border  of  the  3rd  costal  cartilage  of  the  left  side,  close  to  the  sternum. 

The  two  sounds  &  the  pause  correspond  in  point  of  time  as  follows: — 

1st.  Bound  — with : 

A.  The  contraction  of  the  ventricles,  the  closure  of  the  auriculo-ventricuj 
valves,  the  opening  of  the  semilunar  valves,  &  the  projection  of  the  bit 
into  the  arteries. 

B.  The  first  part  of  the  dilatation  of  the  auricles. 

2nd.  Sound— with: 

A.  The  cessation  of  the  contraction  of  the  ventricles,  the  recoiling  of  the  arteri 
&  the  closure  of  the  semilunar  valves. 

B.  The  continued  dilatation  of  the  auricles,  the  opening  of  the  auriculo-v 
tricular  valves,  &  the  commencing  dilatation  of  the  ventricles. 

Tlie  pause  - with : 

A.  The  distention  and  subsequent  contraction  of  the  auricles. 

B.  The  distention  of  the  ventricles. — During  the  pause  the  semilunar  vab 
are  closed  and  the  auriculo-ventricular  valves  are  open. 

The  two  sounds  are  determined  as  follows : — 

1st.  Bound  •  — By  several  coincident  causes,  the  principal  of  which  is 
vibration  of  the  auriculo-ventricular  valves  at  the  moment  of  their  dost 
and  also,  perhaps, the  vibration  of  the  walls  of  the  ventricles,  aorta,  : 
pulmonary  artery.  That  such  is  the  grand  cause  of  the  first  sound  of 
heart  is  rendered  more  than  probable,  if  it  is  not  absolutely  proved,  by 
following  experiment  of  Valentin  : — Valentin  filled  with  a  moderate  quan 
of  water  without  any  admixture  of  air  a  portion  of  a  horse’s  intestine  tied 
at  both  ends  ;  the  stethoscope  being  applied  to  one  of  the  ends,  towards  wl: 
end  the  water  is  propelled  by  sudden  pressure  at  the  other,  a  sound  is  he 
very  similar  to  the  first  sound  of  the  heart ;  this  sound  is  evidently  produ 
by  the  vibration  of  the  walls  of  the  intestine.  It  is  admitted,  however,  t 
other  causes  assist  in  producing  the  first  sound;  among  these  second 
causes  the  most  efficient  are  probably  the  contraction  of  the  muscular  fibre 
the  ventricles,  the  shock  of  the  heart  against  the  wcdls  of  the  chest,  &  the  vibra 
of  the  blood  itself  when  suddenly  compressed  and  ejected  into  the  arteries 

2nd.  Sound  . — By  the  vibration  of  the  semilunar  valves  at  the  momeni 
their  closure.  This  is  proved  by  another  of  Valentin’s  experime 
Valentin  passed  curved  needles  through  the  walls  of  the  arteries  & 
semilunar  valves,  thus  rendering  these  immovable,  and  stopping  t'. 
action  ;  after  the  operation  the  second  sound  was  no  longer  heard. 

The  contraction  of  the  auricles  is  inaudible  through  the  wcdls  of  the  chest,  but  when 
heart  is  exposed  &  the  stethoscope  is  applied  to  it,  a  slight  sound  is  heard  preced: 
&  being  continued  into,  the  louder  sound  of  the  ventricular  contraction. 

Impulse  of  the  Heart  against  the  walls  of  the  Ohest 

Is  felt  most  distinctly  between  the  5th  &  6th  left  ribs,  one  or  two  inches  from  < 
sternum. 

It  is  determined  by  the  bulging  out  of  the  heart  during  the  ventricular  contract  3 
&  also  by  the  tilting  finvards  of  its  apex  in  a  screw-like  manner,  due  to  the  sp  e 
arrangement  of  the  superficial  fibres  of  the  ventricles.  The  tendenev  of  the  a  > 
to  straighten  itself,  when  distended  by  the  action  of  the  ventricles  is,  peril  ? 
another  cause  of  the  impulse  of  the  heart,  but  only  a  very  secondary  one,  for 
same  tilting  forwards  occurs  when  tho  apex  of  the  heart  is  cut  off  and  the  cav  i 
of  tho  ventricles  are  laid  open. 
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:he  Structure  of  the  Arteries 

resents  for  examination  three  coats,  the  vasa  vasorum ,  &  nerves. 


Inner,  Serous  or  Epithelial  Coat  - Consists  of  two  essential  structures 

between  which,  in  the  large  arteries,  a  third  structure  is  interposed.— The  two 
essential  structures  are  : — 

1.  A  single  layer  of  'pavement  epithelium ,  the  cells  of  which  are  slightly 
elongated,  and  present  very  distinct  nuclei. 

2.  An  elastic  layer  which  may  be  either,  as  it  usually  is,  a  delicate  reticu. 
lated  membrane  perforated  here  ct  there,  the  striated  or  fenestrated  coat  of  Henle, 
or  a  mere  network  of  anastomosing  fibres  of  elastic  tissue  longitudinally 
disposed;  orthe  two  forms  of  elastic  tissue  may  coexist,  the  former  internally, 
the  latter  externally. — The  intermediate  structure  observable  in  the  large  arteries 
is  a  longitudinal  stratum  (striated  layer  of  Kdlliker)  of  ill-developed  elastic  A 
connective  tissue  fibres,  which  stratum  is  often  nearly  homogeneous  in 
appearance. 

This  coat  is  a  thin ,  brittle,  colourless  membrane,  remarkable  for  the  smoothness 
of  its  inner  surface.  It  can  easily  be  separated  from  the  middle  coat  by  mace¬ 
ration. 


Middle  or  Circular  Coat  — Consists  of  alternate  layers  of  circular 
muscular  fibres  and  of  circular  fibres  of  yellow  elastic  &  white  fibrous  tissues.  The 
relative  proportion  of  these  different  elements  varies  according  to  the  size  of  the 
vessel,  the  muscular  fibres  being  most  abundant  in  the  small  arteries,  and  forming 
almost  exclusively  the  middle  coat  of  the  smallest  ones,  the  elastic  white  fibrous 
tissues  being  predominant  in  the  larger  vessels,  and  existing  almost  exclusively  in 
the  main  trunks. 

This  coat  is  relatively  very  thick,  and  is  the  principal  cause  of  the  great 
thickness  of  the  walls  of  the  arteries.  It  is  elastic,  but  brittle,  of  a  yellowish  or 
tawny  colour  in  large  arteries,  redder  in  the  smaller  ones.  It  is  easily  separable 
from  the  outer  coat. 
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External  or  Cellular  Goat,  or  Tunica  Adventitia — consists 

of  connective  tissue  longitudinally  or  obliquely  disposed,  and  containing,  except  in 
the  smallest  arteries,  elastic  fibres  and  elongated  nuclei.  In  the  larger  arteries 
the  inner  layers  of  this  coat  are  formed  of  elastic  tissue  only,  while  the  white 
fibrous  tissue  predominates  in  the  outer  layers. 

This  coat  is  proportionately  thickest  in  the  small  arteries.  It  forms  a  tough 
investment,  continuous  externally  with  the  sheath,  by  means  of  loose  areolar 
tissue.  It  is  in  this  coat  that  the  vasa  vasorum  &  nerves  are  principally  seen  to 
ramify. 
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'Tutrient  Arteries  or  Vasa  Vasorum  - — Arise  from  the  neighbouring 


branches,  break  up  in  the  loose  cellular  tissue  within  the  sheath,  ramify  in  the 
external  coat,  and  give  off  afeio  tivigs  to  the  middle  coat.  The  corresponding  venules 
open  into  the  veins  which  accompany  the  artery. 
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Serves — Are  derived  principally  from  the  sympathetic,  but,  also  from  the 
cerebro.spinal  system.  They  form  plexuses  on  the  large  trunks  ;  small  bundles 
of  fibres  run  along  the  smaller  arteries,  single  fibres  along  the  smallest.  These 
penetrate  into  the  middle  coat,  to  which  they  are  principally  distributed. 
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Arterial  Circulation. 


The  two  properties  by  which  the  arteries  influence  the  circulation  are 
elasticity  &  their  contractility. 


Elasticity  of  the  Arteries. 


The  contents  of  the  ventricles  are  forced  into  the  arteries  more  rapidly  thami 
can  be  discharged.  The  elasticity  of  the  arteries  therefore  : — 

1.  Prevents  the  arteries  from  bursting. — The  elasticity  is  most  developed 
large  arteries,  especially  in  those  near  the  heart,  in  which  the  variati<| 
internal  pressure  are  the  greatest.  The  degeneration  of  the  walls  <i! 
arteries  is  the  principal  cause  of  aneurism  &  apoplexy. 

2.  Equalises  the  circulation  by  maintaining  pressure  on  the  blood  durim 
intervals  of  the  ventricular  contractions  ;  the  jetting  stream  is  thus  conui 
into  the  continuous  and  equable  current  observable  in  the  capillaries.  ,! 

3.  Tends  with  the  contractility  to  maintain  uniformity  in  the  fulness  &  tens- 
and  consequently  in  the  rate  of  exudation  from,  and  of  absorption  inti 
vessels. 


Contractility  of  the  Arteries 


Is  most  developed  in  the  small  and  in  the  middle-sized  arteries. — The  contracti'h 
the  middle-sized  arteries  becomes  evident  to  the  naked  eye  when  the|| 
denuded  and  exposed  to  the  air,  or  when  they  are  cut  through ;  in  the  latteif 
it  tends  to  stay  the  hemorrhage,  especially  when  cold  or  any  irritating  subslii 
is  applied.  The  contractility  of  the  very  small  arteries  is  rendered  stillll 
evident  by  the  microscopical  examination  of  the  mesentery  of  the  frog  &h 
small  animals  when  either  cold  or  heat,  or  mechanical,  chemical,  or  elfi 
stimuli  are  applied.  It  may  last  as  long  as  48  hours  after  death. 

It  is  governed  by  the  vaso-motor  nerves,  and  is  called  into  play  by  reflex  acticfl 
regulates,  according  to  the  requirements  of  the  moment,  the  quantity  oj II 
that  each  part  is  to  receive.  It  co-operates  with  the  elasticity  in  adapting 
calibre  of  the  vessels  to  the  total  mass  of  the  blood,  and  in  maintaining  uniforrrp 
the  tension  or  tone  of  the  blood-vessels. 


Force  of  the  Blood  in  the  Arteries. 


a 


The  onward  force  of  the  blood  in  the  arteries  has  been  measured  by  Poiseui 
means  of  the  hsemadynamometer,  and  more  recently  by  several  experim 
by  means  of  the  kymographion. 

It  was  said  by  Poiseuille  to  be  the  same  in  all  the  arteries,  &  to  be  cap; 
supporting, ‘while  the  ventricles  are  contracting,  a  column  of  mercury 
six  inches  or  a  column  of  water  about  seven  feet  in  height.  It  is  now,  hofl 
known  to  vary  considerably  in  the  different  parts  of  the  arterial  s; 

It  is  increased  by  the  injection  of  water  or  blood  into  the  veins,  and  dimi 
by  bleeding.  It  was  said  to  be  increased  during  expiration,  and  dimi 
during  inspiration ;  the  action  of  the  respiratory  movements  appears,  hoi 
to  be  rather  complex,  the  arterial  pressure  usually  increasing,  acctif 
to  Dr.  Burdon  Sanderson,  during  inspiration  and  the  commencemcj4 
expiration,  and  diminishing  towards  the  end  of  the  expiratory  movemil 
during  the  period  of  repose  of  the  thorax. 

The  force  with  which  the  blood  is  propelled  into  the  aorta  by  the  left  ventriclem 
culatedtobe  equal  to  about  4  lbs.,  &  the  force  with  which  it  is  propellent 
the  pulmonary  artery  by  the  right  ventricle  to  be  equal  to  about  2  lbs. 


Velocity  of  the  Blood  in  the  Arteries. 


0 


Volkmann  has  shown  with  the  hsemadrometer  that  the  velocity  of  the  blood  is 
greater  in  the  arteries  than  in  the  capillaries,  and  also  considerably  greate>S' 
in  the  veins ;  that  it  is  greatest  near  the  heart  &  during  the  ventricular  contra* 
and  least  during  the  ventricular  diastole  &  in  parts  distant  from  the  heart,  t, 
extremes  being  respectively  about  10  &  about  2  inches  per  second.  The  velc  7 
the  blood  is  also  slightly  increased  during  expiration,  and  diminished  eft 
inspiration. 
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ae  Pulse. 


the  jetting  movement  of  the  blood  dilates  the  arteries  in  all  directions,  increasing 
l'|  both  their  diameter  and  their  length.  The  lateral  dilatation  of  the  arteries  is  only 
i about  1.15th  (Vierordt)  or  l-22ndth  (Poiseuille)  of  their  diameter.  The  elongation 
[I  (which  has  not  been  accurately  measured)  produces  curvature  or  increases  the 
n  natural  curves,  and  causes  a  much  greater  displacement  of  the  arterial  walls. 


he  pulse  may  be  defined  as  the  beat  of  the  arteries  produced  by  their  sudden  dilatation 
\and  displacement,  the  latter  due  to  the  curvature  produced  by  elongation,  which 
dilatation  &  displacement  are  rapidly  propagated  in  a  wave-like  manner  from  the 
heart  immediately  after  each  ventricular  contraction. 

\he  nearer  an  artery  is  to  the  heart,  the  sooner  after  the  ventricular  contraction  is 
Lithe  pulse  perceptible  in  it;  thus  the  pulse  in  the  carotid  precedes  that  in  the 
i:  radial,  which  in  its  turn  precedes  that  in  the  dorsal  artery  of  the  foot.  The 
i  delay  of  the  pulsation  in  the  distant  arteries  never  exceeds,  however,  1  -6th  or 
1.8 th  of  a  second. 

:he  improved  sphygmograph  &  the  beautiful  investigations  of  Mr.  Marey  have 
:  inaugurated  a  new  period  in  the  progress  of  our  knowledge  of  the  pheno- 
j  mena  of  the  arterial  circulation.  The  sphygmograph  itself  cannot  be  described 
1  here,  nor  can  any  but  the  most  prominent  results  of  the  investigations  of  Mr. 
-j  Marey  and  others  : 


1.  The  distention  of  all  the  arteries  begins -at  the  same  moment  &  coincides 
*  with,  or  instantaneously  follows,  the  contraction  of  the  ventricles ;  it  is  only  the 
■I  maximum  of  dilatation  and  displacement  which  maximum  alone  is  perceptible 

to  the  finger,  that  is  attained  almost  instantaneously  in  the  proximate  arteries,  and 
|  slightly  delayed  in  the  distant  ones. 

2.  The  delay  is  thus  accounted  for:  the  blood  propelled  by  the  ventricle 
i  into  the  aorta  meets  the  blood  already  contained  in  that  vessel,  and  is  impeded  by 

it  in  its  course.  This  causes  a  part  of  the  force,  communicated  to  the  blood  by  the 
ventricular  contraction,  to  be  expended  laterally  in  the  dilatation  of  the  first  part  of 
the  aorta,  and  pi-yes  rise  to  the  formation  of  a  wave.  It  is  th  is  wave,  which,  advancing 
at  the  rate  of  about  30  feet  per  second,  dilates  in  succession  the  different  parts  of  the 
ji  e  i  artery  as  it  passes  rapidly  through  them. 
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3.  The  passage  of  each  successive  wave  through  an  artery,  or  each  pulsation, 
is  marked  in  the  pulse-tracing  by  an  upstroke ;  a  downstroke  marks  the  intervals 
of  the  pulsations.  The  upstroke  ought  not  to  be  too  vertical,  for  deficiency  of  tone  in 
the  arteries  is  thus  indicated.  The  downstroke  always  presents  a  slight  re-ascent, 
which  is  probably  due  to  the  momentary  rebound  throughout  the  arterial  system, 
occasioned  by  the  closure  of  the  aortic  valves,  which  closure  suddenly  stops  the 
incipient  regurgitation  of  the  blood  into  the  ventricles.  When  there  is  much  loss 
of  tone,  as  in  low  fevers  and  after  great  loss  of  blood,  this  re-ascent  is  exaggerated 
and  can  be  perceived  by  the  finger ;  the  pulse  is  then  said  to  be  dicrotous. 
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he  frequency  of  the  Pulse. 

lie  pretty  uniform  relative  average  observed  in  health,  between  the  number  of  the 
beats  of  the  heart  &  the  number  of  the  respirations,  is  about  4  or  5  to  1. 


i  round  numbers  the  average  frequency  of  the  pidse  is : — 


Before  birth  . 

.  150  beats  ner  minute. 

At  birth  . 

.  140  „ 

y  y  »  ) 

1st  year  . 

.  123  „ 

yy  yy 

7th  year  . 

.  90  „ 

yy  yy 

14th  year  ...  . 

.  80  ,, 

y>  yy 

Adult  age . 

.  70  to  80  ,, 

yy  yy 

Old  age  . 

.  60  to  70  ,, 

y  y  yy 

In  decrepitude  . 

.  85  to  75  ,, 

yy  yy 
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The  Structure  of  the  Veins 

Differs  more  than  that  of  the  arteries  according  to  size  and  situatic  1 
In  most  veins  three  coats  can  he  recognised ;  they  are,  however,  mu 
thinner  than  those  of  the  arteries. 


Veins  immediately  above  the  Capillaries— Consist  simj 

of  a  layer  of  pavement  epithelium ,  supported  on  a  stratum 
nucleated  fibrous  tissue,  longitudinally  disposed,  and  genera' 
divisible  into  two  layers. 

Middle-sized  Veins  -  Present : 

Inner  Coat. — Formed  from  within  outwards  by  a  layer  of  pavemi 
epithelium,  one  or  more  layers  of  nucleated  fibrous  tissue  lc 
gitudinally  disposed,  and  a  longitudinal  layer  of  reticulail 
yellow  elastic  fibrous  tissue. 

Middle  Coat. — Formed  of  alternating  longitudinal  Sf  circular  la/yth 
the  former  consisting  of  white  &  reticulated  yellow  elasjj 
fibrous  tissues,  the  latter  of  the  same  tissues  with  circu  I! 
muscular  fibres. — The  muscular  fibres  are  most  developed  in  lij 
splenic  &  portal  veins. 

Outer  Coat. — Consists  of  connective  tissue  longitudinally  or  obliqu.' 
disposed. 

JLarger  V6ins — Have  a  thick  middle  coat,  in  which,  however,  i  1 
muscular  tissue  is  but  scanty. 

Very  Large  Veins— Have  a  remarkably  thick  outer  coat ,  whi  jg 
especially  in  the  large  veins  of  the  abdomen,  contains  a  consid 
able  number  of  longitudinal  muscular  fibres  (Hemak). — The  ve  j 
cava?  &  pulmonary  veins  present  near  their  termination  a  layer  j 
striated  muscular  fibres  continued  upon  them  from  the  auricles.  | 

Plain  muscular  fibres  are  abundant  in  the  veins  of  the  gravid,  RfetJI 
They  are,  on  the  contrary,  wanting  in  the  veins  of  the  mater  ii 
part  of  the  placenta,  in  most  of  the  cerebral  veins,  the  sinuses  33 
the  dura  mater,  the  veins  of  the  cancellous  tissue  of  bone,  andjl 
the  venous  spaces  of  the  corpora  cavernosa. 

The  valves  of  the  veins  are  formed  by  a  reduplication  of  the  inne  m 
middle  coats. 

The  coats  of  the  veins;  as  well  as  those  of  the  arteries,  are  supply 
with  nutrient  vessels,  the  vasa  vasorum.  Small  nerves  have  e£§ 
been  traced  on  some  of  the  larger  veins  of  the  abdomen. 
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renous  Circulation 

Is  equable,  slower  than  the  arterial,  hut  much  quicker  than  the  capillary. 

Its  average  velocity  is  about  l-'ird  of  that  of  the  arterial  in  the  corresponding  peripheral 
veins,  the  aggregate  capacity  of  which  is  about  three  times  that  of  the  arteries. 
This  velocity  increases,  however,  as  the  blood  advances  towards  the  heart,  in 
proportion  as  the  aggregate  capacity  of  the  veins  diminishes,  and  in  the  venae 
cavae  it  approximates  that  of  the  blood  in  the  aorta.  The  motion  of  the  blood  in 
the  veins  is  subjected,  however,  to  many  disturbing  causes,  such  as  the  inter¬ 
mittent  effects  of  muscular  pressure,  and  the  opposite  influences  of  expiration  & 
inspiration. 

The  pressure  or  onward  force  of  the  blood  in  the  peripheral  veins  varies  from  l.Khfr 
to  1-20 th  (Poiseuille),  or  is  about  l-12th  (Yalentin)  of  that  of  the  blood  in  the 

:  corresponding  arteries.  Near  the  heart  it  diminishes  still  more,  and  in  the  upper 
part  of  the  vena  cava  scarcely  any  pressure  can  be  detected  ;  but  then  it  must  be 
remembered  that  the  auricles  dilate  spontaneously,  if  indeed,  they  do  not  assist, 
the  flow  of  the  blood  towards  the  heart. 

The  venous  circulation  is  aided  by  the  action  of  the  valves  of  the  veins,  and  by  the 
respiratory  movements. 


'The  Valves  - Are  found  in  all  the  veins  subject  to  pressure  from  the  surrounding 
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muscles,  and  also  in  the  superficial  veins,  and  are  most  abundant  in  the  extremities, 
particularly  in  the  lower  ones.  They  are  absent  in  the  veins  of  less  than  a  line  in 
diameter,  in  the  veins  within  the  cranium,  spinal  canal,  <h  abdomen,  in  the 
pulmonary  &  umbilical  veins,  the  veins  of  the  cancellous  tissue  of  bone.  A 
few  valves  exist,  however,  in  the  spermatic  veins,  and  one  is  found  at  their 
respective  points  of  junction  with  the  inferior  vena  cava  &  the  left  renal  vein. 

They  are  semilunar  in  form.  Their  free  concave  margin  is  directed  towards  the 
heart ;  they  are  attached  by  their  convex  margin  to  the  wall  of  the  vein,  which 
is  dilated  immediately  above  them.  They  generally  lie  in  pairs. 

They  are  formed  by  a  reduplication  of  the  tivo  inner  coats  of  the  veins,  and  consist  of 
connective  tissue  and  elastic  fibres  covered  with  a  layer  of  pavement  epithelium. 

The  design  of  the  valves  is  twofold : 

1.  They  divide  the  column  of  blood  and  save  the  walls  of  the  veins  from  the 
entire  pressure  of  the  whole  column;  they  are,  therefore,  on  the  latter  account 
most  needed  in  the  unsupported  superficial  veins,  where  they  are  also  most 
numerous.  It  is,  however,  inaccurate  to  say  that  they  are  intended  to  do  away 
with  the  obstacle  presented  by  gravitation  to  the  venous  circulation ;  this 
obstacle  has  no  real  existence,  since  the  column  of  blood  in  the  veins  is  supported 
by  the  equal  weight  of  the  column  of  blood  in  the  arteries. 

2.  In  the  deep  veins  their  action,  combined  with  that  of  the  surrounding 
muscles,  is  a  powerful  assistant  to  the  venous  circulation.  When  a  vein  is  com¬ 
pressed  by  an  adjoining  muscle  in  a  state  of  contraction,  the  first  pair  of  valves 
in  the  direction  of  the  capillaries  closes  immediately ;  the  blood  is  then  forcibly 
driven  in  the  direction  of  the  heart.  It  will  easily  be  seen  that  it  is  the  rapid 
succession  of  muscular  contractions,  and  not  their  duration,  that  assists  the 
venous  circulation  ;  were  it  not  for  the  anastomoses  of  the  veins  the  prolonged 
duration  of  the  muscular  contractions  would  even  have  a  contrary  effect. 

The  Respiratory  Movements. 

Inspiration. — It  was  Sir  D.  Barry  who  first  showed  the  aspiration  or  suction 

1  of  the  blood  into  the  thorax  during  inspiration,  by  the  experiment  of  a  bent  glass 
tube  introduced  at  one  extremity  into  the  jugular  vein  of  a  horse,  &  immersed  at 
the  other  extremity  in  some  coloured  fluid :  the  fluid  was  drawn  up  into  the 
tube  during  each  inspiration.  It  is,  however,  only  in  the  veins  of  the  base  of  the 
neck,  the  walls  of  which  are  more  or  less  attached  to  bones  and  are  supported  by 
the  deep  cervical  fascia,  that  the  influence  of  inspiration  extends  to  any  distance 
out  of  the  thorax ;  the  opening  of  any  such  veins  often  gives  rise  to  the  now  well, 
known  phenomenon  of  the  aspiration  of  air  into  the  circulatory  system. 


Expiration. — Favours  the  arterial  circulation  by  increasing  the  pressure  in 
the  arteries  ;  its  effect  on  the  venous  circulation  must  be  the  reverse.  The  action  of 
the  valves  prevents,  however,  any  rapid  expiratory  movement  from  seriously 
impeding  the  circulation;  prolonged  expirations  rapidly  produce  congestion  of  the 
head  &  neck. 
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The  Capillaries 

Form  a  microscopical  network,  which  is  everywhere  interposed  betweei 
the  arteries  &  the  veins,  except  between  some  of  the  arteries  am 
veins  of  the  erectile  structures  and  of  the  spleen  &  maternal  part  o 
the  placenta. 

This  network  is  much  more  uniform  in  the  size  shape  of  its  meshe I 
than  that  which  is  formed  by  the  anastomoses  between  the  small 
arteries  &  the  veins  ;  the  vessels  which  form  it  maintain  the  samj 
diameter  throughout.  In  form  it  presents  three  principal  varieties  | 
the  meshes  being  either  rounded,  as  they  commonly  are,  or  elongated 
as  they  are  in  the  muscles  and  nerves,  or  arranged  in  loops,  as  the 
are  in  the  papillae  of  the  tongue  &  skin. 

The  more  active  the  functions  of  an  organ  or  tissue  are  the  more  numerous  ai  i 
its  capillaries.  In  the  lungs ,  the  liver,  &  the  choroid,  coat  of  the  eye,  it 
which  the  capillary  network  is  closer  than  in  any  other  structur  . 
the  interspaces  between  the  capillaries  are  smaller  than  the  capillar! 
themselves  ;  ligaments,  tendons  and  allied  structures  are  but  slight! 
vascular. 

The  usual  diameter  of  the  capillaries  is  about  l-3000fft  of  an  inc  i 
Among  the  largest  capillaries  rank  those  of  the  skin,  and  those 
the  marrow  of  the  bones,  which  are  sometimes  1-1 200th  of  an  inch  j 
diameter ;  among  the  smallest  are  those  of  the  brain  &  of  the  muco 
membrane  of  the  small  intestine,  the  diameter  of  which  sometimes  do 
not  exceed  1 -4500th.  The  so-called  serous  vessels,  which  we 
described  in  the  cornea,  and  which  were  said  to  be  too  small 
transmit  the  red  globules  of  the  blood,  are  now  not  general 
believed  to  exist. 

The  walls  of  the  capillaries  have  until  lately  been  believed  to  cons 
simply  of  a  transparent  structureless  membrane,  formed  of  a  sine 
layer  of  flattened  nucleated  cells,  ivhich  are  so  perfectly  join 
together  that  their  nuclei  alone  can  be  distinguished  like  so  ma 
minute  oval  corpuscles,  imbedded  at  intervals  in  the  otherwise,  hone 
geneous  wall.  Externally  to  this  membrane  there  is  now  believed 
exist  another  homogeneous  structure ,  on  the  inner  surface  of  which  t  i 
epithelial  scales  are  laid  down. 


Two  varieties  of  large  capillaries,  or  vessels  of  transition .  between  1 
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ordinary  capillaries  and  the  arteries  &  veins,  are  described  by  soi 
authors.  On  the  smaller  of  the  two  a  thin  layer  of  circular  muscu  pi 
fibres  can  be  seen ;  on  the  larger  variety  an  additional  covering  j:x 
connective  tissue  begins  to  appear. 


25 


'Circulation  in  the  Capillaries 

Can  easily  "be  observed  with  the  microscope  in  all  thin,  transparent  parts, 
such  as  the  web  of  a  frog’s  foot,  the  tail  and  gills  of  tadpoles  or 
small  fishes,  or  the  mesentery  of  small  quadrupeds. 

Is  remarkably  sloiv ;  and  it  is  uniform,  at  least  in  the  strong  and  healthy 
adult. 

Its  velocity  is  greatest  in  the  centre  of  the  stream,  which  is  occupied  by  the 
red  globules.  At  the  sides  is  a  “  still  layer ”  of  liquor  sanguinis, 
apparently  motionless,  in  which  lymph  corpuscles  may  sometimes  be 
seen  moving  slowly  along,  or  even  adhering  to  the  w^alls  of  the 
vessel. 

In  very  young  animals,  and  also  in  adults  when  much  blood  has  been 
lost,  or  when  the  heart’s  action  is  weak,  the  motion  of  the  blood  in 
the  capillaries,  on  account  of  the  incomplete  distension  and  im¬ 
perfect  elastic  recoil  of  the  arterial  walls,  becomes  pulsatory,  and 
even  intermittent  when  the  degree  of  exhaustion  is  very  great.  The 
red  globules  are  even  seen  occasionally  to  recede  a  little  during  the 
intervals  of  the  arterial  pulsations. 

The  rate  of  the  capillary  circulation  in  the  frog  is  about  1  inch  per 
minute,  or  l-60th  of  an  inch  per  second,  in  the  systemic  capillaries,  and 
about  five  times  as  great  in  the  pulmonic  capillaries.  It  is  estimated 
that  the  velocity  of  the  capillary  circulation  in  man  and  in  warm¬ 
blooded  animals  is  about  two  or  three  times  as  great. 

The  slow  course  of  the  blood  in  its  passage  through  the  capillaries  is 
confined  to  a  very  short  space,  for  the  whole  length  of  the  capillary 
vessels  through  which  in  any  one  part  of  the  body  the  blood  has  to  pass 
before  reaching  the  veins,  does  not  exceed  1-30 th  of  an  inch;  the  time 
during  which  the  blood  is  detained  in  the  capillaries  does  not  therefore 
exceed  one  second. 

The  slowness  of  the  capillary  circulation  is  due  to  the  widening  of  the 
stream  of  blood  in  the  capillaries,  the  aggregate  sectional  area  of 
which  is  much  greater  than  that  of  the  arteries  or  veins,  and  also 
to  the  greatly  increased  resistance  arising  from  friction. 

When  cold  or  any  irritating  substance  is  applied  to  a  part,  the  capillaries 
are  seen  to  diminish  in  size.  They,  however,  properly  speaking,  cannot 
be  considered  to  contract.  It  is  the  arteries  alone  that  contract ; 
less  blood  then  passing  through  the  capillaries,  the  elasticity  of  the 
latter  causes  them  momentarily  to  shrink.  The  capillaries  do  not, 
therefore,  appear  to  exert  any  direct  mechanical  influence  over  the 
movement  of  the  blood.  It  is  probable  that  it  is  some  increased 
tendency  of  the  globules  to  adhere  to  each  other  &  to  the  walls  of 
the  capillaries  that  causes  the  partial  or  total  arrest  of  the  circula¬ 
tion  in  inflamed  parts,  &  also  in  the  lungs  during  asphyxia. 

It  is  in  the  capillaries  that  the  blood  comes  in  closest  contact  with  the 
tissues,  that  those  interchanges  principally  take  place  which  ensue 
in  the  processes  of  nutrition  &  secretion. 
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Allantoid  or  Placental  Foetal  Circulation. 

(Taken  from  among  the  Tablets  on  Development.)* 

The  arterial  blood  returns  from  the  placenta  through  the  umbilical  vein,  which  vein 
in  the  longitudinal  fissure  of  the  liver  : — 

A,  gives  off  a  few  small  branches  to  the  lobus  quadratus  &  the  lobus  Spigelii  of  the 
liver,  and  a  few  small  branches  and  one  large  one  to  the  left  lobe  (which 
latter  large  branch  becomes  after  birth  the  left  branch  of  the  vena  port*)  ; 

E,  divides  into  two  terminal  branches,  of  which 

One,  the  larger,  joins  the  upper  part  of  the  foetal  portal  vein  (which  upper 
part  subsequently  becomes  the  right  branch  of  the  portal  vein  of  the 
adult) — while 

The  other,  the  smaller,  termed  the  ductus  venosus,  joins  the  loft  hepatic 
vein  at  the  point  of  junction  of  the  latter  with  the  inferior  vena  cava. 
All  the  blood  from  the  umbilical  vein  passes  therefore  into  the  inferior  vena  cava, 
either  directly  or  indirectly. 

The  blood  passes  from  the  inferior  vena  cava  into  the  right  auricle  and  is  guided 
from  thence  by  the  Eustachian  valve  and  the  foramen  ovale  into  the  left  auricle, 
from  which  latter  cavity  it  descends  into  the  left  ventricle. 

It  is  propelled  by  the  left  ventricle  into  the  arch  of  the  aorta,  from  whence  it  ascends 
almost  entirely  to  the  head,  neck,  and  upper  extremities,  a  very  small  quantity 
passing  down  the  descending  aorta  to  the  remainder  of  the  body. 

From  the  head,  neck,  and  upper  extremities  the  blood  returns  by  the  superior  vena 
cava  to  the  right  auricle. 

This  time  it  passes  into  the  right  ventricle. 

From  the  right  ventricle  it  is  propelled  into  the  pulmonary  artery— Very  little 
blood  goes  to  the  lungs,  which  are  almost  impervious  ;  nearly  all  passes  through 
the  ductus  arteriosus  into  the  descending  aorta,  by  which  it  is  conveyed  to  the 
trunk  and  lower  extremities,  a  part  returning  to  the  placenta  by  the  hypogastric 
arteries,  and  their  continuation,  the  umbilical. 

In  this  course  the  arterial  blood  is  several  times  admixed  with  venous  blood,  no  part  of 
the  body,  except  a  small  portion  of  the  liver  receiving  absolutely  pure  arterial 
blood  ;  thus  : — 

On  entering  the  liver  the  principal  current  of  arterial  blood  is  mixed  with  the 
blood  of  the  portal  vein ; 

Ox  entering  the  inferior  vena  cava  the  mass  of  the  arterial  blood  is  mixed  with  the 
blood  returning  from  the  lower  extremities  ; 

When  traversing  for  the  first  time,  the  right  auricle,  the  arterial  blood  probably 
bears  away  with  it  a  part  of  the  blood  returning  to  the  heart  by  the  superior 
vena  cava. 

It  is  this  “  arterial’  ’  blood,  three  times  admixed  with  venous  blood,  relatively  pure, 
however,  that  passes  up  to  the  head,  neck,  and  upper  extremities,  hence  the  relatively 
greater  development  of  these  parts.— It  is  only  after  this  blood  has  circulated 
through  the  head,  neck,  and  upper  extremities  that  it  is  returned  to  the  heart,  and  is 
thence  directed,  after  having  received  but  two  slight  additions  of  purer  blood  in  the 
right  auricle  and  from  the  arch  of  the  aorta,  towards  the  trunk  and  lower  extremities ; 
hence  the  lesser  development  of  the  latter. 

At  birth  an  increased  amount  of  blood  passes  from,  the  pulmonary  artery  to  the  lungs;  as 
this  blood  returns  aerated  to  the  left  auricle  by  the  pulmonary  veins,  an  increased 
supply  of  pure  blood  is  received  by  the  left  side  of  the  heart ;  the  closure  of  the  foramen 
ovale  soon  stops  the  arrival  of  the  mixed  blood ,  which  previously  distended  that 
cavity. — The  pure  arterial  blood  is  soon  propelled  equally  into  the  arteries  of  the 
head,  neck,  and  upper  extremities  and  into  the  descending  aorta,  for  the  closure  of  the 
ductus  arteriosus  stops  the  arrival  into  the  latter  .vessel  of  the  current  of  mixed  blood 
from  the  right  side  of  the  heart,  which  current  had  hitherto  impeded  the  descent 
towards  the  lower  extremities  of  the  blood  propelled  by  the  left  ventricle.  All 
the  parts  of  the  body  then  receive  equally  pure  blood. — The  placental  circulation 
ceasing,  the  umbilical  arteries  A-  veins  and  the  ductus  venosus  become  obliterated 
and  transformed  into  fibrous  cords,  the  arteries  remaining  pervious,  however,  under 
the  name  of  superior  vesical,  as  far  as  the  bladder,  the  upper  part  of  which  they 
supply. 
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*  Vide  among  Tablets  on  Development  “  First  on  Vitelline  Circulation,”  and  “lsf  Tablet 

Second  Foetal  Circulation.” 


Mechanism  of  Respiration. 

The  air  is  alternately  drawn  into  and  expelled  from  the  lungs  by  the  two 
successive  movements  of  inspiration  <&  expiration,  which  movements  are  separated 
from  each  other  by  a  pause  or  period  of  repose  of  the  thorax. 

Inspiration — Consists  in  th e  dilatation  of  the  thorax  by  muscular  action,  and 

in  the  consequent  distention  or  inflation  of  the  lungs,  by  the  air  rushing  in  through 
the  windpipe  to  fill  up  the  threatened  vacuum. 

In  inspiration,  the  thorax  is  enlarged  in  each  of  its  three  diameters  : — 

The  enlargement  in  the  vertical  direction  is  always  the  greatest,  especially  in  the 
young,  and  is  due  to  the  descent  of  the  diaphragm  during  its  contraction. 

The  enlargement  in  the  two  horizontal  diameters,  viz.,  the  antero-posterior 
and  the  transverse,  is  most  marked  at  the  lower  part  of  the  thorax  in  the  male,  and 
at  the  upper  part  in  the  female,  the  difference  constituting  the  two  grand  types  of 
respiration,  the  abdominal  or  inferior  costal  and  the  superior  costal  or  pectoral.  It 
is  due  to  the  elevation  of  the  ribs  and  consequent  elevation  &  projection  forwards  of 
the  sternum,  and  also  to  the  rotation  of  the  ribs  upwards  round  an  axis  passing 
through  their  anterior  and  posterior  extremities  somewhat  after  the  fashion  in  which 
the  handle  of  a  bucket  is  raised. 

The  principal  inspiratory  muscle  is  therefore  the  diaphragm. 

The  auxiliary  inspiratory  muscles  are  the  muscles  that  raise  the  ribs.— They  may  be 
divided  into  three  groups,  which  are  respectively  called  into  play:  in  ordinary 
tranquil  breathing,  in  deep  inspirations  only,  and  in  extreme  emergencies  only. 
These  groups  are  : 

1.  The  external  intercostals,  with  perhaps  the  part  of  the  internal  intercostals, 
comprised  between  the  cartilages  of  the  ribs,  and  the  levatores  costarum.  It  was 
supposed  at  one  time  that  the  internal  intercostals  could  not  raise  the  ribs  unless 
the  uppermost  rib  were  first  fixed  by  the  scaleni  (and  also  that  the  internal 
intercostals  could  not  depress  the  ribs  unless  the  lower  ones  were  maintained  by 
the  abdominal  muscles),  but  this  has  been  shown  to  be  inaccurate  both  theoreti¬ 
cally  and  by  observations  on  living  animals. 

2.  The  anterior  &  posterior  scaleni,  the  cervicalis  ascendentes,  the  posterior 
superior  serrati ;  and  also  the  pectorales  major  &  minor,  serratus  macaws,  latissimus 
dorsi,  &  subclavius,  when  the  scapula  &  clavicle,  and  consequently  the  humerus, 
are  fixed  by  the  trapezius,  sterno-mastoid,  levator  anguli  scapulae,  &  rhomboidei. 

3.  Nearly  all  the  muscles  of  the  body  may  assist  in  violent  inspiratory  efforts  by 
removing  from  the  thorax,  and  fixing  at  a  distance,  the  points  of  origin  of  the 
foregoing  muscles,  and  thus  rendering  their  action  more  efficient :  the  head  is 
thrown  back  and  the  arms  are  frequently  uplifted  in  fits  of  dyspnoea. 

Expiration  — Consists  in  the  elastic  recoil  of  the  whole  respiratory  apparatus, 
which  recoil  may  be  aided,  either  to  a  slight  or  to  a  considerable  extent,  by  the 
compression  of  the  thorax  by  muscular  action. 

The  ordinary  expiratory  muscles  are  the  internal  intercostals  (with  the  exception, 
perhaps,  of  their  forepart  comprised  between  the  costal  cartilages),  to  which 
may  be  added  the  infracostales,  the  triangularis  sterni. 

The  auxiliary  muscles  of  expiration,  which  are  called  into  play  in  voluntary 
expiratory  efforts,  as  in  speaking,  singing,  blowing,  etc.,  or  in  dyspnoea,  are  all 
the  other  muscles  that  depress  the  ribs,  such  as  the  abdominal  muscles,  external  & 
internal  oblique,  transversales,  recti,  pyramiaales,  &  quadrati  lumborum,  the 
posterior  inferior  serrati,  the  erectores  spinae,  and,  when  the  scapula  is  fixed,  the 
upper  part  of  the  serratus  magnus.  Nearly  all  the  muscles  of  the  body  may,  however, 
assist  in  violent  expiratory  efforts. 

Influence  of  the  Nervous  System  over  the  Respiratory 

Movements. — Vide  Physiology  of  the  Medulla  Oblongata  &  of  the  Pneumo- 
gastric  Nerves. 
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Various  excretory  principles. — Expired  air  contains,  in  minute  proportions,  several  of  the  principles  met 
with  in  the  secretions  of  the  shin  Sf  kidneys,  such  as  chloride  of  sodium,  uric  acid,  urates  of  soda  & 
ammonia.  It  also  contains  a  nitrogenous  organic  compound,  very  prone  to  putrefy,  and  sometimes 
carbonate  &  hydrochlorate  of  ammonia  and  carburetted  hydrogen ;  various  odorous  substances 
may  be  derived  from  the  food  and  drink  that  are  consumed. 
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Changes  of  the  Blood  in  Respiration 

Are  the  changes  in  colour  &  temperature,  and  in  the  proportions  of  the 
fibrin ,  &  of  the  gases. 

Colour. — It  has  been  shown  by  Hoppe-Seyler  &  Professor  Stokes,  by 
means  of  the  spectrum  analysis,  that  the  change  of  colour, 
which  takes  place  in  the  lungs,  from  the  dark  purple  of  venous 
blood  to  the  bright  scarlet  of  arterial  blood,  and  the  reverse 
change,  which  takes  place  in  the  capillaries,  are  due  respectively 
to  the  oxidation  deoxidation  of  the  haemoglobin  or  cruorin  : — Dilute 
solutions  of  blood  when  examined  with  the  spectroscope  give  rise  to 
two  dark  lines  or  absorption  bands,  situated  in  the  green  and  yellow 
of  the  spectrum  between  the  [])  and  £  lines  of  Frauenhofer. 
When  a  reagent  capable  of  abstracting  oxygen,  such  as  protosul¬ 
phate  of  iron  or  protochloride  of  tin,  is  added,  the  solution  becomes 
darker  in  colour,  and  the  two  dark  lines  disappear  in  the  spectrum, 
and  are  replaced  by  a  single  broader  band  occupying  an  intermediate 
position  between  them.  On  exposing  the  deoxidised  solution  to 
the  air  it  again  brightens  in  colour,  while,  in  the  spectrum,  the 
two  first  lines  reappear ;  the  alternate  change  may  be  repeated 
several  times.  The  haemoglobin  or  cruorin  exists,  therefore,  in 
two  states  of  oxidation,  forming  in  the  one  case  the  “purple 
haemoglobin  or  cruorinfi  in  the  other  the  u  scarlet  cruorin  or  oxy¬ 
hemoglobin. ”  Arterial  blood  contains  more  of  the  scarlet  cruorin  and 
less  of  the  purple  than  venous  blood  ;  both  hinds  of  blood,  however, 
contain  normally  more  of  the  former  than  of  the  latter,  for  they  both 
give  rise  to  the  two  dark  lines  in  the  spectrum. 

Temperature. —  The  blood  in  the  left  side  of  the  heart  was  long 
believed  to  be  warmer  by  1°  or  2°  than  that  in  the  right ;  it  is  now 
known  to  be  about  ath  of  a  degree  cooler. 

Tile  Fibril). — -Is  increased  in  quantity  in  arterial  blood,  which,  there¬ 
fore,  yields  a  firmer  clot  than  the  venous.  The  normal  proportion 
of  fibrin  may  be  doubled  in  rabbits  by  causing  them  to  breathe 
pure  oxygen. 

The  Gases  — Venous  blood  contains,  according  to  Magnus,  but  J  as 
much  oxygen  as,  and  \  or  \  more  carbonic  acid  than,  the  arterial. 
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Asphyxia.— -Death  by  Drowning. 


Asphyxia  . — The  essential  symptomatic  characters  of  asphyxia  are  the  loss  of 

muscular  power  and  consciousness ,  and  the  cessation  of  the  7-espiratory  movements  & 
of  the  pulsations  of  the  heart.  Its  essential  pathological  character  is  the  accumu¬ 
lation  of  dark  blood  hi  the  right  side  of  the  heart  and  in  the  venous  system  generally , 
which  blood  remains  fluid  for  a  long  time. 

The  mode  in  which  death  occurs,  though  remaining  essentially  the  same,  differs 
slightly  in  the  rapid  and  slower  forms.  In  both  cases  the  first  morbid  process  is 
the  stagnation  of  the  blood  in  the  capillaries. 

In  the  slower  forms,  this  stagnation  first  takes  place  in,  or  first  shows 
itself  in,  the  systemic  capillaries.  The  arteries  and  the  left  side  of  the  heart 
then  become  distended,  and  the  heart  beats  with  greater  power  and  frequency  to 
overcome  the  resistance. 

In  the  rapid  form  the  stagnation  first  takes  place  in,  or  first  shows  itself  in, 
the  lungs.  The  heart  then  receives  but  little  arterial  blood  and  soon  no  arterial 
blood  at  all. 

Then,  on  the  one  hand,  the  pulmonary  artery ,  the  right  side  of  the  heart  and 
the  venous  system  generally,  become  gorged  with  dark  venous  blood;  and  on  the 
other  hand,  the  nerve-centres,  the  muscular  system  generally,  and  the  heart  itself, 
no  longer  receive  their  due  supply  of  arterial  blood,  and  they  gradually  cease  to 
perform  their fomctions. 

Finally  the  arteries,  and  the  left  side  of  the  heart,  empty  themselves  into  the 
veins  and  into  the  right  side. 

In  cases  of  recovery  from  asphyxia  the  process  just  described  is  reversed:  On  the 
introduction  of  air  into  the  lungs  oxygen  is  once  more  absorbed  and  carbonic 
acid  given  off.  The  flow  of  blood  through  the  capillaries  of  the  lungs  is  then 
resumed  under  the  influence  of  the  pressure  of  the  blood  in  the  pulmonary 
artery  and  in  the  right  side  of  the  heart.  Thus  while  the  right  side  of  the  heart 
is  unloaded  and  relieved  the  left  side  again  receives  its  proper  stimulus.  The 
heart  then  resumes  its  action.  The  nerve-centres  and  the  muscular  system  arc 
restored.  Respiratory  efforts  are  now  resumed,  and  consciousness  and  motor 
power  reappear. 


Drowning  —Is  asphyxia  with  an  additional  obstacle  to  recovery,  viz.,  the  partial 


filling  up  of  the  air  passages  with  water,  which  obstacle  prevents  the  reintroduc- 
tion  of  air  into  the  lungs  when  the  body  is  brought  to  shore. — Animals  die  much 
sooner  from  drowning  than  from  simple  apncea.  In  the  experiments  recently  made 
by  the  Committee  of  the  Royal  Medico-Chirurgical  Society  it  was  found  that  the 
average  duration  of  the  respiratory  efforts  after  simply  plugging  the  trachea  was 
about  4  minutes  in  dogs  and  3  in  rabbits,  and  that  recovery  might  take  place 
after  deprivation  of  air  for  3  minutes  50  seconds ;  immersion  in  water,  however, 
for  1|  minutes  was  usually  fatal. 

Ordinary  cases  of  submersion  in  man  are  nearly  always fatal  after 4  or  5  minutes, 
and  frequently  after  scarcely  1  minute.  R  ecoveries  have,  however,  taken  place  after 
|  of  an  hour,  and,  it  is  said,  even  after  \  an  hour  ;  but  in  such  cases  it  is  probable 
that  syncope  took  place  upon  falling  into  the  water.  Man  would  then  be  assimi¬ 
lated,  with  respect  to  drowning,  to  a  hybernating  mammal  or  to  a  cold-blooded 
animal,  in  both  of  which,  the  nutritive  functions  being  less  active,  respiration 
may  be  suppressed  without  inconvenience  for  a  considerable  time ;  complete 
intoxication  might  produce  the  same  effect.  Annuals  vender  the  infizience  of 
chloroform ,  and  unable  to  make  any  violent  inspiratory  efforts,  can  resist  submer¬ 
sion  for  a  considerable  time  ;  so  can,  also,  newly  bom  animals,  animals  whose 
temperature  has  been  lowered  by  several  degrees,  and  animals  in  which  the 
trachea  has  been  plugged  before  they  have  been  immersed. 

Numerous  experiments  have  been  made  with  a  view  to  ascertain  the  best  mode  of 
treatment  in  the  case  of  drowned  and  asphyxiated  persons  :  inflation  of  the  lungs 
with  hot  air,  oxygen,  or  ozone,  injection  of  arterial  blood,  hot  water,  or  vapour 
into  the  veins,  galvanism,  etc.,  may  temporarily  excite  the  action  of  the  heart  & 
of  the  respiratory  muscles,  but  they  all  fail  to  restore  life  when  the  circulation 
through  the  lungs  has  been  totally  arrested.  The  rules  of  the  Royal  Humane 
Society  very  justly  recommend,  as  the  first  means  to  be  employed,  the  performance 
of  artificial  respiration  by  Dr.  Sylvester' s  method,  that  is  to  say,  bv  alternately 
pressing  the  arms  against  the  sides  of  the  chest  and  then  raising  them  gently  above 
the  head  fifteen  times  per  minute,  while  the  patient  is  lying  on  Ids  back. 
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Effects  of  Overcrowding,  and  those  of  Breathing  Impure 
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Animal  Heat. 


The  production  of  animal  heat  is  a  universal  function  throughout  the  entire  animal 
kingdom,  and  animals  have  been  divided  according  to  their  usual  temperature 
into  warm-blooded — mammalia  &  birds ;  and  cold-blooded — fishes,  amphibia,  j 
reptiles,  and  the  invertebrata. 

The  temperature  of  warm-blooded  animals  is  relatively  high,  and,  though  different 
in  the  various  species,  is  very  nearly  the  same  in  each  species  under  all  normal 
conditions  of  life  it  being  almost  independent,  within  the  limits  of  the  climateric 
variations,  of  the  temperature  of  the  surrounding  medium. 

The  temperature  of  cold-blooded  animals  is  relatively  low ,  and  varies  with,  and 
nearly  to  the  same  extent  as,  that  of  the  surroifhding  medium,  being,  however, 
in  all  usual  circumstances,  higher  than  that  of  the  medium  by  a  certain  number 
of  degrees,  which  number  is  the  same  in  all  animals  of  the  same  species. 

The  second  of  the  two  correlative  terms  above  used— warm-blooded ”  &  “cold, 
blooded”— is,  therefore,  in  one  sense  incorrect.  So  is  also,  in  another  sense,  the 
second  of  the  two  designations  more  recently  proposed  by  Bergman,  viz., 

“  animals  of  constant  temperature”  &  “  animals  of  variable  temperature for 
though  the  temperature  of  the  latter  varies  absolutely,  its  surplus  over  and 
above  that  of  the  surrounding  medium,  which  surplus  is  due  to  individual  pro. 
duction  of  heat,  is  relatively  invariable.  The  two  correlative  terms  the  Author 
would  propose  are  those  of  “  Animals  of  high  &  completely  individual  temperature ” 
and  “Animals  of  incompletely  individual  usually  lozv  temperahzre .” 

Average  Animal  Temperatures. 

Temperature  of  Y\T arm-blooded  Animals,  or  Animals  of  Constant 
Temperature,  or  of  High  &  Completely  Individual  Temperature. 

Birds  . .  . .  100®  to  108°,  or  even  111®  in  the  small  species  : 

Mammalia  97°  to  104°. 

Surplus  of  Temperature  over  &  above  that  of  the  surrounding  medium  in 
Cold-blooded  Animals,  or  Animals  of  Variable  Temperature,  or  of 
Incompletely  Individual  &  usually  Low  Temperature. 

Reptiles  .  .  7°  to  15®  ; 

Amphibia  ..  |°  to  1|°  in  summer,  and  2°  to  3°  in  winter  ; 

Pishes  usually  i°  to  1®,  sometimes  2®  to  3°,  in  the  tunny  &  bonito,  18°. 

Average  Temperature  of  the  Different  Parts  of  the  5 
Human  Body. 


Average  Temperature  op  the  Blood,  ioop  to  102°. — In  the  peripheral  parts  of 
the  body  the  blood  in  the  veins  is  cooler  than  that  in  the  arteries  by  1°  in  the  deep 
veins,  by  several  degrees  in  the  superficial  ones ;  in  the  deep  or  central  parts  of 
the  body  the  difference  is  usually  hut  slight.  The  blood  in  the  renal  veins  is, 
however,  considerably  warmer  than  that  in  the  renal  arteries,  and  the  blood  in 
the  hepatic  veijzs  is  not  only  zvarmer  than  that  in  the  portal  vein,  hut  it  is 
warmer  by  1°  th  an  that  in  the  aorta  (Bernard) ;  the  blood  in  the  right  side  of 
the  heart  is  1-5 th°  zvarmer  than  that  in  the  left. 


Average  Temperature  op  the  Organs  &  Ttssues,  93®  to  100°.  It  is  always 
lower  than  that  of  the  blood,  and  varies  according  to  vascularity,  distance 
from  central  parts,  proximity  to  surface,  and  degree  of  exposure  : 

Temperature  of  the  Abdomen  (taken  in  the  bladder)  102°  ; 


Thorax  . 

Rectum . 

Month  (under  the  tongue) 

Axilla  . 

Hands  &  feet . 


f  Rather  lower  on  account  of 
'  T  the  heat  lost  by  expired  air. 

.  100° ; 

.  98°; 

96°  ; 

90°. 


37 


■Conditions  which  modify  the  tempera¬ 
ture  of  the  Body. 

The  temperature  of  the  body  is,  within  very  narrow  limits  however. 

Elevated  by  external  heat ,  exercise  6°  good  living  ; 

Depressed  by  cold ,  inaction,  bad  fare  ; 

Variously  influenced  by  tune  of  day,  age ,  sex ,  &>  disease. 

External  temperature  . - The  extreme  climateric  variations,  though  they 

range  from— 70°  in  the  arctic  to  +130°  in  the  tropical  regions,  do  not  influence  the 
temperature  of  man  to  the  extent  of  more  than  3°  or  4°,  provided  he  have,  on  the 
one  hand,  command  over  food  &  raiment,  and  provided  he  can,  on  the  other  hand, 
protect  himself  against  the  "direct  rays  of  the  sun.  This  stability  of  the  bodily 
temperature  is  due,  in  the  one  case,  to  the  power  of  producing  a  greater  amount  of 
heat  by  an  increased  activity  of  the  respiratory  functions,  and  by  a  greater 
consumption  of  calorifacient  food,  and,  in  the  other,  to  the  loss  of  a  great  amount 
of  heat  by  the  continual  evaporation  of  the  profuse  perspiratio7i,  with  which,  in  hot 
climates,  the  skin  is  constantly  moistened.  All  warm-blooded  animals  also 
possess,  but  to  a  less  and  variable  extent,  the  power  of  maintaining  their  normal 
temperature  in  very  different  latitudes  and  under  great  variations  of  external 
temperature. 

This  power  of  maintaining  a  uniform  temperature  has ,  however,  its  limits,  and 
the  experiments  of  Magendie  &  others  have  shown  that  animals  die  rapidly  when 
submitted  to  degrees  of  heat  or  cold  capable  of  raising  their  temperature  abozit  9°  or 
10°,  or  of  lowermg  it  about  20°. — Large  bodies  of  troops,  and  even  whole  armies 
have  thus  been  “frozen  to  death,”  especially  when  overcome  by  fatigue,  or  when 
ill-led,  ill-clad  &  ill-protected. — The  contact  of  excessively  hot  dry  air  can  however 
be  borne  by  man  for  short  periods :  Sir  Cli-  Blagden  &  others  have  supported  for  a 
few  minutes  temperatures  of  198°,  211°,  260°,  284°,  and  a  man  named  Cliabert  has 
penetrated  into  ovens  heated  to  from  400°  to  600° ;  when  however  the  air  is  moist, 
so  as  to  prevent  evaporation  from  the  surface  of  the  skin,  a  temperature  of  120° 
very  soon  becomes  unbearable. 

Exercise. — Prolonged  muscular  action  elevates  by  one  or  two  degrees  the  tem¬ 
perature  of  the  contracting  muscle.  Exercise,  however,  elevates  but  slightly  the 
general  temperature  of  the  body,  but  it  may  by  quickening  the  circulation,  raise  by 
several  degrees,  the  lowered  temperature  of  the  extremities. — Inaction  produces 
the  contrary  effect,  and  during  sleep  the  temperature  falls  lg  or  2°. 

Fooi.  - — Good  living  keeps  up  a  high  bodily  temperature,  but  the  immediate  effect  of 
a  full  meal  is  to  lower  the  temperature  a  little. — Stimulants  produce  a  slight 
immediate  rise  in  the  temperature. — Bad  fare  depresses  the  temperature,  and 
diminishes  the  power  of  resisting  cold. 

Time  of  Day  - The  temperature  is  highest  in  the  morning,  varies  slightly  dur¬ 

ing  the  day,  falls  in  the  evening,  and  is  lowest  towards  midnight. 

Age  — Modifies  the  temperature  but  slightly',  the  temperature  of  children  is,  how¬ 
ever,  about  1°  higher,  and  that  of  the  aged  a  trifle  lower,  than  that  of  the  adult. 
But  the  power  of  the  very  young  and  of  the  aged  to  resist  the  action  of  cold  is 
much  less  than  that  of  the  adult. 

Sex  . - Its  influence  is  very  trifling  indeed,  and  it  has  frequently  been  denied.  It 

is  believed,  however,  that  the  average  temperature  of  the  female  is  a  trifle  lower 
than  that  of  the  male. 

Disease — Influences  the  temperature  of  the  body  more  than  any  other  cause; 
the  temperature  rises  considerably  in  all  febrile  affections,  and  often  reaches  106° 
or  107°  in  scarlatina  &  typhus,  &  sometimes  111°.  It  is  depressed  in  cases  of 
syncope  &  apparent  death,  in  the  morbus  cceruleus  or  blue  disease,  and  in  cholera,  in 
the  stage  of  collapse  of  which  latter  disease  it  is  often  lowered  to  77°  or  79Q 


The  Source  of  Animal  Heat, 
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to  a  minimum  Iby  the  contrary  conditions  and  during  sleep  and  hibernation  ; 

4.  The  temperature  of  any  one  part  of  one  of  the  higher  animal  organisms,  and  the  temperature  of  the  blood 
in  the  same,  is  greatly  dependent  upon  the  activity  of  the  chemical  processes  of  which  such  part  is  the 
seat :  the  highest  temperature  observable  in  the  mammalia  occurs  in  the  liver  and  in  the  hepatic  veins. 
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Influence  of  the  Nervous  System  over 
the  production  of  Animal  Heat. 

The  influence  of  the  nervous  system  over  the  production  of  animal  heat  has  been 

greatly  exaggerated. 

Though  in  abnormal  states  of  nervous  excitement,  heat  may  perhaps  be  evolved  ii 
the  nervous  substance  itself,  owing  to  the  rapid  metamorphoses  to  which  the  latte* 
is  liable,  and  though  some  eminent  authorities  still  hold  that  heat  may  occasion 
ujally  be  produced  by  some  transformation  of  the  ordinary  nervous  action  into  ill 
heat-producing  process,  it  nevertheless  appears  to  be  more  than  probable  that  tin  . 
action  of  the  nervous  system  with  regard  to  the  production  of  heat  is  reducee- 
under  ordinary  circumstances  to  the  governing  influence  it  exerts  over  the  actioi. 
oj  the  heart ,  and  over  the  arterial  circulation  by  vaso.motor  rejlex  action ,  and  to  ii\ 
consequent  indirect  influence  over  the  chemical  processes  of  nutrition. 

That  the  vasomotor  nerves  of  the  sympathetic  system  govern  the  arterial  circulatio\ 
and,  among  other  processes,  the  heat-producing  process,  is  superabundantly  proveo 
by  the  results  of  the  division  of  the  cord  of  the  sympathetic  in  the  neck,  or  those  of  tire! 
removal  of  the  superior  cervical  ganglion  :  the  corresponding  side  of  the  facether 
becomes  greatly  congested,  and  its  temperature  rises  by  several  degrees ;  irritatiorl  i 
of  the  peripheral  portion  of  the  sympathetic  causes  the  part  to  resume  its  norma 
appearance  &  temperature  (Bernard). 

That  such  influence  is  exerted  by  reflex  action ,  and  also  that  such  reflex  action  has  an 
especial  bilateral  character,  is  proved  by  the  following  facts — viz.,  when  a  freezing, * 
mixture  is  applied  to  the  ulnar  nerve  at  the  elbow,  the  temperature  of  the  two  inn  mi 
fingers,  which  momentarily  falls,  subsequently  rises  by  several  degrees  ;  if  one-, 
hand,  or  the  extremity  of  the  wing  of  a  bat,  be  immersed  in  the  same  mixture,  the:: 
temperature  of  the  other  hand,  or  of  the  corresponding  point  of  the  other  wing,; 
will  be  lowered  at  the  same  time  as  that  of  the  immersed  part,  no  change  of  tern-: 
perature  taking  place  elsewhere  (Brown-Sequard). 

The  temperature  of  a  limb  falls  therefore  after  the  division  of  its  nerves ,  or  of  the  pcs-,' 
terior  roots  of  the  same,  on  account,  probably,  of  the  then  suppressed  centripetal 
.  conveyance  of  the  sensory  impressions  by  which  dilatation  of  the  arteries  is: 
called  for  :  paralysed  limbs  are  known  to  be  cold. 

Division  of  the  nerves  of  a  limb  close  to  their  exit  from  the  intervertebral  foramina' 
produces,  however,  the  contrary  effect,  on  account  of  the  simultaneous  division  of:- 
the  sympathetic  fibres,  which  have  just  joined  the  nerve  from  the  neighbouring 
ganglion  (Bernard). 

The  administration  of  narcotics,  shock,  severe  injury  to  the  nerve-centres,  occasion  a 
general  fall  of  the  temperature  of  the  body  on  account  of  the  above  sensory  impres¬ 
sions  being  no  longer  perceived  by  the  nerve-centres  &  on  account  of  their  being: 
no  longer  reflected  upon  the  vaso.motor  nerves.—  Severe  injury  to,  or  division  of  ,  - 
the  spinal  cord  appears  however  to  produce  a  temporary  elevation  of  the  temperature- 

pui ts  below,  so  does  also  the  section  of  the  anterior  roots  of  the  spinalis 
nerves  (Bernard). 


